ERTS-1, earthquakes, and tectonic evolution in Alaska by Vanwormer, J. & Gedney, L.
Paper G 101 
ERTS-1, EARTHQUAKES, AND TECTONIC EVOLUTION IN ALASKA 
Larry Gedney and James Vanwormer, Geophysical lnsti*tute, University of Alaska 
ABSTRACT 
In  comparing seismici ty  pa t te rns  i n  Alaska with ERTS-1 imagery, 
one is s t ruck by the frequency with which earthquake epicenters 
f a l l  on, or near,  lineaments v i s i b l e  on the  imagery. Often these 
lineaments prove t o  be tectonic  f a u l t s  which have been mapped i n  
the f i e l d .  But equally as of ten,  ex is t ing  geologic and tectonic  
a c e s s i b i l i t y  of most of Alaska i s  responsible,  i n  l a r g e  p a r t ,  
for  the  inadequacy of the  mapping. ERTS-1 imagery is f i l l i n g  a 
v i t a l  need i n  providing much of t h e  missing information, and is  
pointing out many areas of po ten t ia l  earthquake hazard. Earth- 
quakes i n  c e n t r a l  and south-central Alaska r e s u l t  when the north- 
eastern corner of the  north Pac i f ic  l i thospheric  p l a t e  (roughly 
enclosed by the  great  bend i n  the  A l a s k a  Range near M t .  McKinley) 
t y  is cont inental  i n  nature and of shallow or ig in ,  with earth- 
quakes occurring on lineaments, and frequently at in te rsec t ions  
of lineaments. South of M t .  McKinley, the seismici ty  is generally 
deeper and is associated with the  subduction of the  Pac i f ic  
p la te .  The shallower events, however, s t i l l  tend t o  a l i g n  them- 
maps show no evidence of these features .  The remoteness and in- J 
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underthrusts the  oontinent. North of M t .  McKinley, the  seismici- c4 
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selves with lineaments v i s i b l e  on the  imagery. 
INTRODUCTION 
The recent emergence of p l a t e  tectonic  theory as a unifying doc t r ine  f o r  the  
ear th  sciences is probably the most s ign i f icant  breakthrough of t h i s  century 
i n  explaining the recent evolution of our planet.  The manifestations of sea- 
f loor  spreading -- magnetic and heat flow anomalies, oceanic ridges,  a r c  and 
trench systems, volcanoes, earthquakes -- a r e  explained with a s implici ty  
which earlier workers would have envied. Y e t ,  there  a r e  areas i n  t h e  world 
which do not submit graceful ly  t o  various aspects of the theory. Central  
Alaska is one of those areas.  
Ideal ly ,  the north Pac i f ic  p l a t e  "should" underthrust Alaska along t h e  Aleutian 
trench eas t  of Kodiak Island and the Kenai Peninsula. Indeed, t h i s  w a s  one 
mechanism which w a s  postulated for  the great  earthquake of 1964 (c.g., Plafker ,  
1972, p. 163). A s  a r e su l t  of t h a t  earthquake, Alaska suddenly became a foca l  
point oE i n t e r e s t  t o  seismologists, and the  f i r s t  seismographic ne ts  i n  the 
state w e r e  established ( the  U.S.C.G.S. s t a t i o n  COL near Fairbanks had been t h e  
only permanent i n s t a l l a t i o n  i n  t h e  s t a t e ) .  With the  enhanced seismographic 
coverage -- p a r t i c u l a r l y  from those s t a t i o n s  operated by the University of 
Alaska -- it w a s  possible  t o  loca te  small earthquakes which had previously gone 
undetected, and t h e  f i r s t  clear p ic ture  of seismici ty  i n  Alaska began t o  emerge. 
It is  t h i s  data  which now lead US to claim t h a t  the  subduction zone a t  the  NE end of 
the  trench-arc system does not l i e  offshore i n  the  Aleutian trench, but instead 
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extends up Cook I n l e t  and along the  base of the Alaska Range t o  a point 
north of M t .  McKinley. 
thrust ing is c l e a r l y  delineated when one examines the seismic zone i n  pro- 
f i l e  (Fig. 1). However, a l l  earthquakes within the  state do not occur with- 
i n  the  subduction zone. Transmittal  of stresses from around the great  bend 
i n  the  Alaska Range (which appears t o  enclose a corner of the  downgoing p la te )  
is the agent most l i k e l y  responsible f o r  a broad area of shallow seismici ty  
i n  the  Alaskan i n t e r i o r .  Thus, cont inental  Alaska can be c l a s s i f i e d  in to  
two regions on the  bas i s  of seismicity.  The f i r s t  of these is the area en- 
closed by the  bend of t h e  Alaska Range, i n  which earthquakes of shallow and 
intermediate depth ( t o  250 km) occur. 
seismic zone of c e n t r a l  i n t e r i o r  Alaska by the  Alaska Range, and by the  
Denali f a u l t  (which trends generally along the  mid-line of the  range). The 
Denali f a u l t  is therefore  a transform f a u l t  along whic; d i f f e r e n t i a l  move- 
ment between continent and oceanic p l a t e  is occurring. 
The dipping in te r face  associated with the  under- 
This is separated from the  shallow 
h 
h t h i s  knowledge as background, it is now na tura l  t o  inquire  i n t o  the 
s t i o n  of where earthquakes are l i k e l y  t o  occur. 
ssed on the bas i s  of past  experience, because such a shor t  period of 
i a b l e  da ta  co l lec t ion  has elapsed. It has been our experience t h a t  
ge earthquakes (magnitude 6 o r  greater)  can occur almost randomly i n  the 
e r i o r ,  with no pr ior  warning, and insuf f ic ien t  data  have been accumulated 
L i t t l e  can be second- 
t o  even ind ica te  t h a t  such seismic zones might ex is t .  Geologic mapping of 
s t a t e  i s  i n  such a preliminary s tage tha t  i t  is a c e r t a i n t y  t h a t  many 
smically ac t ive  f a u l t s  have gone unmapped. 
refore ,  it w a s  with a great  dea l  of an t ic ipa t ion  with which we awaited 
fihy f i r s t  ERTS imagery of t h i s  area.  W e  w e r e  g r a t i f i e d ,  indeed, when a 
f,@st look a t  the  da ta  showed t h a t  the  la rger  earthquakes i n  the  state, 
d%&e often than not,  f e l l  on o r  near lineaments which w e r e  c l e a r l y  v i s i b l e  
on the  imagery. I n  most cases these lineaments w e r e  not mapped as f a u l t s .  
It therefore  appears t h a t  ERTS imagery, i n  the next few years, w i l l  prove 
t o  be a most important t o o l  i n  assessing earthquake hazards i n  areas where 
ex is t ing  seismic and geologic da ta  are minimal. 
important matter i n  Alaska, which w i l l  be experiencing an unprecedented 
rate of growth and expansion now tha t  resource development is so v i t a l  an 
issue t o  the  nation. 
This is an especial ly  
South-central Alaska 
Figure 2 is a mosaic constructed from 19 ERTS-1 images produced on four  
consecutive passes of t h e  satell i te on November 2,3,4 and 5 ,  1972.  It 
shows south-central Alaska with Anchorage a t  t h e  head of Cook I n l e t  near the 
r i g h t  center ,  the Kenai Peninsula a t  lower r i g h t  center ,  and the  Alaska 
Range curving across the  scene from t h e  upper r i g h t  t o  the lower l e f t .  
Several well-known s t r u c t u r a l  elements are readi ly  apparent. Two of these 
* 
The ac tua l  s i t u a t i o n  is not qu i te  t h i s  simple. There are some 
problems with t r e a t i n g  the  Denali f a u l t  as a simple transform, 
but the  matter w i l l  not be d e a l t  with i n  t h i s  paper. 
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a r e  l a r g e  scale s t r i k e - s l i p  f a u l t s  which are among Alaska's most notable 
tectonic  features .  A port ion of t h e  Denali f a u l t  crosses  the scene from 
upper r i g h t  t o  upper l e f t  center ,  and i t  is roughly paral le led by the  
Lake Clark f a u l t  (which is somewhat less conspicuous) t o  the  south. The 
so l id  circles on the  key t o  Fig. 2 represent epicenters  of earthquakes 
which occurred i n  t h i s  area during 1972. 
respect ive parameters inAppendix I. Note t h a t  these are epicenters of 
earthquakes which were of magnitude 4 and larger .  
events were recorded during t h i s  t i m e .  Most of the  earthquakes are seen to 
occur i n  the v i c i n i t y  of Cook I n l e t ,  but it should be noted t h a t  t h i s  is 
la rge ly  deep-seated seismic a c t i v i t y  re la ted  t o  the  subduction zone, and it  
probably does not bear a d i r e c t  re la t ionship  t o  lineaments which can be seen 
a t  t h e  surface.  
f a u l t ,  p a r t i c u l a r l y  i n  t h e  v i c i n i t y  of M t .  McKinley (which is cas t ing  the  
long shadow i n  the  upper l e f t  quadrant), and there  is an obvious c lus te r ing  
of earthquakes along the  Lake Clark f a u l t .  Of p a r t i c u l a r  i n t e r e s t ,  however, 
a r e  those lineaments which are not geologically mapped as f a u l t s ,  but which 
could probably be so c l a s s i f i e d  on t h e  b a s i s  of ongoing seismicity.  Par- 
t i c u l a r l y  noteworthy are the  set of sub-parallel  lineaments trending off  the 
Denali f a u l t  t o  the southwest, and the  pecul iar  graben-like s t r u c t u r e  
outlined by the  mountains around Anchorage. 
c lose  t o  earthquakes 34 and 50 on the  lineament near t h e  r i g h t  margin, 
although it is not clear whether o r  not t h i s  f a u l t  could have played a 
r o l e  i n  t h a t  earthquake. 
Kenai Mountains which passes very close t o  Anchorage and the associat ion of 
a t  Least three  earthquakes with t h i s  apparent f a u l t .  Even without the 1964 
earthquake, t h i s  lineament should have provided Anchoragites with the 
admonition: Build W e l l 1  Y e t  it is not even mapped as a f a u l t .  
They are keyed by number t o  t h e i r  
Mdny thousands of smaller 
A few earthquakes appear t o  be associated with the Denali 
The 1964 epicenter was  very 
Note t h e  extremely sharp escarpment of the  
Central  I n t e r i o r  Alaska 
Figure 3 is a mosaic of 6 ERTS-1 images col lected on 4 and 5 November, 1972. 
Fairbanks is a t  r i g h t  center ,  the  Yukon River e n t e r s  the  scene a t  t h e  top, 
the Tanana River crosses  from r i g h t  t o  l e f t ,  and the Alaska Range is  a t  
bottom r i g h t .  The scene is to the  north of Fig. 2 and the  mosaics p a r t i a l l y  
overlap (although they are of d i f f e r e n t  scales) .  F i r s t ,  f a u l t s  which have 
been previously mapped on t h e  ground are shown as so l id  l i n e s  on the  key. 
I n  general ,  these are members of the same large  scale s t r ike-s l ip  f a u l t  
system t o  which t h e  Lake Clark and Denali f a u l t s  belong. Although not always 
topographically well-defined, l a r g e  o f f s e t s  have occurred along most of these 
s ince  the  Cretaceous. Second, the lineaments indicated by dashed l i n e s  
appear t o  be la rge  scale f a u l t s  which supplement the known set. 
i n  t h i s  category i s  the northern escarpment of the Alaska Range which appears 
from the  imagery t o  be a normal f a u l t  with considerable v e r t i c a l  displacement, 
although some workers bel ieve t h a t  it is a fold feature .  
sharp set of conjugate lineaments is shown on the  key as dot ted l i n e s .  These 
i n t e r s e c t  a t  an angle of about 55' and appear t o  be t h e  r e s u l t  of compressive 
stress i n  an outward d i rec t ion  from around the bend of the Alaska Range. The 
angle of 55" is roughly the dihedral  angle a t  which most b r i t t l e  substances 
would be expected t o  f r a c t u r e  under compressive stress, with l e f t - l a t e r a l  
o f f s e t  on one set of f rac tures ,  and r igh t - la te ra l  o f f s e t  on the  other.  The 
pers is tence of these fea tures  over la rge  areas implies t h a t  they are con- 
tinuous beneath the  alluvium of t h e  Tanana River val ley.  
Included 
Final ly ,  a very 
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The circles on the  key relate t o  epicenters  of the  l a r g e s t  earthquakes t o  
occur within t h e  mapped area within recent  years. 
the  earthquakes with t h e i r  respect ive parameters which are given i n  Appen- 
d i x  11. 
of lineaments v i s i b l e  on the  ima . Focal mechanism stud 
t h a t  t h e  earthquake on t h e  conjugate set of lineaments ( 
r e s u l t  of l e f  t-lateral slippage on the  prominent north-s 
i n  agreement with the  model proposed above. 
1967 (number 1) appears t o  have been t h e  r 
on the  NE-SW trending lineament -- a perpl  
ind ica tes  t h a t  the  stress t r a j e c t o r i e s  must curve across  the  region. 
The numbers c o r r e l a t e  
It is s i g n i f i c a n t  t h a t  se have tended t o  occur 
The Fairbanks earthquake of 
-lateral slippage 
on and one which 
Much of t h e  area of the  mosaic w i l l  be under development i n  the  years 
ahead. In par t icu lar ,  the  trans-Alaska p ipe l ine  w i l l  cu t  across  near ly  
every one of the  major lineaments i n  the northeast  quadrant. 
l i t t l e  is present ly  known of the  seismici ty  of these areas over long 
periods of t i m e ,  we are compelled t o  regard each of these lineaments (and 
those i n  Fig. 2) as being poten t ia l  sites f o r  f u t u r e  earthquakes, p a r t i -  
cu la r ly  i n  view of the  f a c t  t h a t  some of them have produced s izeable  events 
i n  only the  br ie f  period s ince  1967. 
Since so 
Reference 
Plafker,  George, Tectonics, The Great Alaska Earthquake of 1964, Seismology 
and Geodesy, pp. 113-174, Committee on t h e  Alaska Earthquake of the  Division 
of Earth Sciences, National Research Council, National Academy of Sciences, 1972. 
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APPENDIX 1 
The following table lists, by number, all the epicenters which are 
plotted on Pig. 2. 
versity of Alaska seismology program, except those accompanied by an 
asterisk (*), for which the National Oceanographic and Atmospheric 
Administration (NOAA) was the source. 
All data in the table were produced by the Uni- 
Date (1972) 
1. Jan 2 
2. Jan 9 
3. Jan 19 
4. Jan 24 * 
5. Feb '5 * 
6. Feb 13 * 
7. Feb 16 
8. Feb 25 
9. Feb 27 
10. Feb 29 
11. Mar 1 * 
12. Mar 7 
13. Mar 12 * 
14. Mar 12 
15. Mar 14 
16. Mar 21 
17. Mar 23 
18. Mar 25 
19. Mar 25 
20. Mar 28 * 
21. Mar 29 * 
22. Apr 2 * 
23. Apr 5 
24. Apr 7 * 
25. Apr 9 
26. Apr 9 
27. Apr 11 J( 
28. Apr 15 
29. Apr 16 
30. Apr 16 
3L Apr 19 
32. Apr 20 * 
33. Apr 20 * 
34. Apr 25 
35. Apr 25 * 
36. Apr 28 * 
37. May 7 
38. May 8 
39. May 8 
40. May 14 
41. May 14 
42. May 19 
Latitude (N) 
59.3 
59.5 
59.4 
59.6 
60.3 
59.9 
59.5 
61.3 
59.2 
63.2 
59.6 
60.0 
64.1 
61.6 
60.8 
60.1 
59.7 
59.8 
59.3 
59.8 
59.9 
59.9 
61.4 
60.1 
64.0 
61.6 
62.0 
60.8 
63.4 
63.5 
58.7 
60.2 
59.9 
61.1 
62.0 
63.6 
61.1 
59.6 
58.8 
62.4 
61.8 
59.6 
Longitude (W) 
153.6 
156.6 
156.9 
151.4 
153.8 
154.2 
152.9 
149.4 
151.6 
150.5 
152.8 
155.3 
148.4 
147.7 
152.3 
150.3 
153.2 
155.6 
155.3 
153.4 
153.1 
153.6 
151.9 
152.8 
150.9 
151.0 
150.4 
153.6 
147.6 
147.6 
155.6 
152.1 
153.6 
147.1 
147.8 
149.9 
152.1 
155.7 
153.0 
151.1 
150.3 
152.9 
Magnitude 
4.4 
4.0 
4.3 
4.0 
4.6 
4.9 
4.3 
4.0 
4.4 
4.0 
4.6 
4.0 
4.2 
4.0 
4.0 
4.0 
4.3 
4.0 
4.1 
4.3 
5.1 
4.9 
4.0 
5.1 
4.5 
4.1 
4.2 
4.1 
4.6 
4.1 
4.1 
4.7 
4.5 
4.0 
4.6 
4.7 
4.1 
4.1 
4.1 
4.0 
4.1 
4.1 
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Date (3,972) 
43. May 20 
44. Jun 1 
45. Jun 10 
46. Jun 14 
47. Jun 16 
48. Jun 18 
49. Jun 20 
SO. Jun 22 
51. Aug 6 
52. Aug 9 
53. Aug 12 
54. Aug 17 
55. Aug 19 
56. Aug 22 
57. Aug 23 
58. Sep 3 J( 
59. Sep 11 * 
60. O c t  1 
61. O c t  1 
62. Oct 20 
63. O c t  21 
64. Nov 19 
65. Nov 21 
66. Nov 22 
67. Nov 25 
68. Nov 28 
69. Dec 3 
70. Dec 3 
71. Dee 4 
72. Dec 15 
73. Dec 18 
74. Dec 29 
Latitude (N) 
59.6 
59.6 
59.1 
61.0 
59.3 
62.6 
59.5 
61.4 
60.0 
58.7 
61.4 
59.4 
59.1 
59.8 
58.4 
59.7 
59.6 
62.7 
59.8 
60.0 
63.2 
60.9 
62.2 
59.6 
58.6 
59.7 
59.8 
58.6 
59.8 
60.3 
60.8 
61.6 
Longitude (W) 
152.9 
155.1 
155.6 
152.5 
152.3 
152.7 
152.7 
147.5 
149.2 
154.5 
149.8 
152.6 
153.3 
152.2 
153.2 
149.1 
148.9 
149.1 
153.3 
152.4 
151.1 
153.1 
149.7 
152.4 
152.2 
153.5 
154.7 
155.2 
154.8 
151.2 
153.1 
151.3 
Magnitude 
5.2 
4.0 
4.1 
5.2 
4.2 
4.7 
5.1 
4.6 
4.0 
4.1 
4.0 
4.2 
4.2 
4.1 
5.5 
4.7 
5.1 
5.2 
4.7 
4.2 
5.4 
4.6 
4.1 
4.1 
4.3 
5.1 
4.0 
4.4 
4.2 
5.0 
5.6 
4.5 
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APPENDIX I1 
Listing of earthquakes plotted on Figure 3. 
Date Latitude (N) Longitude (W) 
I. 21 Jun 67 
2. 29 Oct 68 
3. 21 Jun 69 
4. 9 Jun 70 
5. 15 Aug 72 
64.8' 147.4" 
65.4' 150.0' 
65.2' 147.6" 
64.9' 148.7' 
65.2' 148.7' 
Magnitude 
6.0 
6.5 
4.6 
4.2 
5.1 
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PROJECTED EPICENTRAL DISTANCE IN KILOMETERS 
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PROJECTION ORIGIN: 62m54N 150m08W. 
LIMITING ORIGIN: 62.96N 1'49m7'4W 
AZIMUTH OF PROJ PLANE: 20 DEGREES 
NUMBER OF EVENTS PLOTTED: 162 OF1847 
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